Every species has a fascinating biological history, from the Argentine ant to the tomato, and this includes even the less charismatic microbial species, such as fungi and bacteria. In The Rise of Yeast: How the Sugar Fungus Shaped Civilization, Nicholas Money narrates the story of Saccharomyces cerevisiae, from its phylogenetic origins rooted in an ancient hybridization event to its rise via domestication to become the indispensable microbe involved in the fermentations that infl uence our daily lives: bread, beer, wine, automobile fuel, and much more. The book not only tells the story of yeast, but it also puts forward the thesis that the biological history of humans has been forever altered by the species, a symbiosis of two inextricably linked histories. As readers of this journal are well aware, the fungal species known as 'yeast' is much more than the basis for a good meal: it is a model system for cell biology and a factory for producing compounds, natural and transgenic, and we as a society can thank it for driving numerous biological insights over the last 80 years. The book journeys over all these ways in which S. cerevisiae and related fungal yeasts have infl uenced humanity's past and present, and how they are likely to shape the future.
The unique history of S. cerevisiae began with a hybridization event between two distantly related species that genetically charged their descendant's genome and provided opportunities for genomic innovation. Among these innovations was the enhanced ability to effectively turn glucose into ethanol in the absence or presence of oxygen. This strategy was perfected in S. cerevisiae, which can rapidly grow in a sugary environment and create ethanol, a compound barely tolerated by other microbes. Poisoning
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its environment, it creates a highly selective habitat that resists invasion (hence the long shelf lives of beer and wine). Surprisingly, this species is really the specialist in the arena of ethanol. Related yeast species, other fungi, and bacteria are known that produce this simple compound, but it is striking that the majority of the ethanol in the world is the result of the metabolism of a single species. Saccharomyces (translated as 'sugar fungus') and related yeasts thrive in sugary habitats, such as rotting fruits, producing distinctive alcoholic and 'yeasty' smells that animals cue in on to get information on fruit presence and ripening status. Multiple animal species have evolved means of detecting and using alcohol, such as the pen-tailed treeshrew, which leaps across the forest canopies of Malaysia to drink the bubbling fermentation of bertam palm nectar. Humans have also inherited from their primate ancestors a propensity to drink, as witnessed by their genetic ability to metabolize ethanol, which they certainly must have encountered in aging fruits.
The brewing of alcoholic beverages likely fi rst occurred around 10,000 years ago at the beginning of the Neolithic. One hypothesis put forward by the book is that, in order to have a consistent and constant supply of fermentable substrates, communities would have had to organize themselves into villages to cultivate grains and grapes. The timing of these fermentations and the rise of agriculture is no coincidence in this 'it takes a village of drinkers' hypothesis for the origin of civilizations. Proper fermentations also required a proper starter, and, though the early civilizations did not recognize yeast as a living organism, the roots of the domesticated lineage of yeast date from this period. Molecular phylogenies point to a single origin of domesticated yeast strains, and it is clear that alcohol became deeply engrained in nearly every culture, despite the health problems that it can create when used in excess. The rapid spread of domestic alcohol production and consumption throughout human culture despite the notion that society could be arguably healthier and more fi t (while arguably less happy) in its absence creates an apparent paradox that needs explanation. Money offers two hypotheses: alcohol itself and its production were the stabilizing forces of communities, or alcohol promoted human 'fi tness' by reducing inhibition and promoting the sexual reproduction of drinkers. In either case, yeast was the winner.
Yeast rose to become an everyday aspect of most lives in Western culture, and imagining its absence causes us to envision a bleaker world -no chewy pizzas, no airy baguettes, no rich dishes such as coq-au-vin, no fragrant, American-style India pale ales, and no raucous, dimly-lit pubs or further yeasty blessings. Certainly it would be a world less colorful but also completely different. So much today is dependent on S. cerevisiae that the estimate for the global population size of this organism is staggering. For instance, approximately 40% of US corn production (>50,000 square miles) is devoted to feeding Saccharomyces. In considering only the domestic yeast population that is involved in alcohol fermentation and active dry yeast sales, we can deduce that there must certainly be more than 10 22 individual cells on our planet. Using a comparison borrowed from the book, we can say that the total surface area of the cells of this population would be roughly the size of Texas, with each cell churning out ethanol and CO 2 . We inhabit a very yeasty planet indeed! Kitchens and factories are not the only places where S. cerevisiae can R854 Current Biology 28, R847-R870, August 20, 2018 be found. Simply incubating soil or tree bark with high glucose and ethanol concentrations readily reveals colonies of S. cerevisiae and the species' relatives. The use of these methods in wild habitats in China led to a discovery of yeast strains of great diversity unknown in other parts of the world, leading to an 'out of Asia' hypothesis for the domestication of S. cerevisiae. This is also consistent with archaeological evidence of the earliest known example of brewing, which occurred in Asia around 8,500 years ago. How and when the domesticated Asian yeast was transferred to the West, and by whom, remain major mysteries in the history of yeast. In this area, I felt that the book would have benefi ted from an inclusion in the discourse of some of the rich history of Asian yeast fermentations, not the least of which includes soy sauce: a ubiquitously consumed, fermented liquor of soy beans and wheat whose agents of change include multiple yeast species, a mold, and bacteria.
The book also lucidly describes the contributions that S. cerevisiae has made to biology, such as in our understanding of how cells process and recycle unused components, known as autophagy, and to the mechanisms that regulate when cells divide. Throughout the century of progress in the development of S. cerevisiae as a model system, several Nobel prizes have been awarded for research based at least in part on discoveries made using yeast. S. cerevisiae was the fi rst eukaryotic organism to have its genome sequenced, and, at a manageable 6,000 genes in that genome, we have a better understanding of the genetic repertoire of this species than any other, except perhaps for that of the model bacterium Escherichia coli. We should add to the list of reasons to study yeast its facile ability to take up genes and recombine them into its genome. This makes yeast a great system to express foreign genes, and it is currently used to produce compounds such as insulin and the antimalarial artemisinin.
Yeast biology has generally followed a couple of trajectories in recent decades, involving highly reductionist approaches with a focus on detailed knowledge of individual genes (socalled classical genetics) or highthroughput analyses looking at all genes simultaneously (e.g., -omics). Massive projects such as the Yeast Deletion Project, which individually deleted every non-essential yeast gene, were fi nished over a decade ago, and the yeast community has moved on to examine the functions of gene pairs, although the complexity of gene interactions is likely to be even greater in this regard. Take, for example, the functional data aggregated by the highly useful Saccharomyces Genome Database: any given gene will be annotated with dozens of computationally derived functional predictions, myriad phenotypes generated by the study of mutants, and interactions documented with hundreds of other genes. This data set presents the data gold standard for a functional catalog of gene space, but it also presents a formidable challenge for integration into a complete working model of the eukaryotic cell.
A major international project is underway, Sc2.0, to improve yeast through the alteration of its genome to a streamlined codon usage, removal of transposable elements and introns, and addition of sites to facilitate genetic engineering in order to create what the book calls a 'Frankenyeast': a synthetic, idealized organism. Despite the technical successes, the changes introduced produce a strain considerably less fi t than its wild relatives. Experimentation and engineering almost certainly will improve the Frankenyeast, with consequences Money predicts as less directly threatening for our planet than the prospective foreshadowing of a future world in which genetic engineering of non-model organisms and purely synthetic organisms are common and repercussions less certain.
The alliance between humans and yeast is told through separate chapters on alcohol, bread, biofuel, diversity, and experimental biology. The fi nal chapter is reserved for the negative health consequences of S. cerevisiae and yeasts in general, so-called mycoses. The book discusses the positives and negatives of ingesting S. cerevisiae, which is sold as a probiotic to provide intestinal relief, and identifi es yeast as the very rare cause of clinical syndromes, such as auto-brewery syndrome, where alcohol fermentation occurs in the human gut, leading to heavy intoxication even in the absence of drinking. Other yeasts, such as Candida albicans and Cryptococcus neoformans, are also introduced, and they provide a contrast to the benevolent nature of S. cerevisiae. Like most of the mycoses caused by yeasts, C. neoformans typically affects immunocompromised patients, and it is the leading cause of death in subSaharan HIV-positive individuals. As the book ventures further from S. cerevisiae into the territory of other species of yeasts, it diverges from the central theme of a single yeast species as the shaper of human history. As a creator and consumer of fungal phylogenies, I believed this non-phylogenetic approach would be distasteful, but I fi nished the book feeling that the excursions into the other branches of the fungal tree helped to provide a rich context for the appreciation of this organism as a true fungus -a fact that may often be lost on some individuals who consider it a model organism par excellence.
This book is a highly entertaining read that likely would be enjoyed by anyone interested in biology. It is written in the same vein as biological biography books like Cod by Mark Gurlansky -a historical account that educates along the way. As a mycologist and dabbler in yeast experimentation, I found the coverage of topics to be comprehensive and well researched, and I feel that the book would likely be engaging even to those who are studying yeast biology. Importantly, the colorful metaphors that pepper the book are hilarious and do not distract the reader from the real victory of this book: turning the story of a boring and simple-looking cell into a fascinating and lucid historical study, rich with biological intrigue. The book begs us to reconsider our place on the planet. Given the simultaneous rise of yeast alongside humans to numerical dominance, one might wonder whether we are in the Anthropocene or the 'Zymocene'.
